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SUMMARY

Selected Prognostic Factors of Malignant Uveal Melanoma

Malignant uveal melanoma is the most common intraocular tumor in adults. Despite
very good local treatment results, patients™ survival has not improved in the last de-
cades. The main cause of death is metastatic spread, which occurs with a variable
time delay after tumor discovery in 50 % of patients. After metastasis development the
mean survival rate decreases to less than 6 months. Progression to metastatic dise-
ase is associated with different prognostic factors. The spectrum of conventional clini-
cal and histopathologic prognostic factors like age, tumor size, location, extrascleral
growth, histopathologic cell type, vascularisation, invasion of sclera, etc., has been en-
larged by using new immunological, molecular, immunohistochemical and cytogeneti-
cal methods. Current research also focuses on development of an adjuvant systemic
therapy which could delay or prevent metastasis development in high-risk patients. It is
necessary to determine reliable prognostic factors in order to select potential candida-
tes for such a systemic treatment. In this article we present a short overview of known

prognostic factors of uveal melanoma.
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INTRODUCTION

Malignant uveal melanoma (MUM) is
the most frequently occurring primary
intraocular tumour in adults. It may be
localised in the iris (6-9%), in the ciliary
muscle (9-16%) and most frequently in
the choroid (75-85%) (18).The average
age-standardised incidence of MUM in
a heterogeneous population such as
the USA is 5.1 per 1 million (37). The
highest incidence was recorded in the
age group 60 to 64 years (35). A higher
incidence of MUM has been recorded in
men and white patients, who constitute
more than 90% of cases of MUM (35).

TREATMENT

The possibilities of current treatment of
MUM can be divided into bulbus pre-
serving (observation with photograph
of fundus, photocoagulation, laser co-
agulation, thermotherapy, radiotherapy,
microsurgical resection) and radical
procedures (enucleation of bulb, exen-
teration of eye socket) (14, 20). The
trend in current treatment of MUM is to
anticipate the development of metasta-
tic disease, whilst preserving a cosme-
tically acceptable eye with functioning
vision. The choice of treatment is indivi-
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dual and reflects the local finding (locali-
ty, size, character of tumour), as well as
the overall condition of the patient (19).
Despite very good results of local tre-
atment of MUM, at present we are not
able to prevent the development of fatal
metastatic disease by current methods.
Malignant uveal melanoma and its me-
tastases are resistant to systematic tre-
atment, and the results of chemotherapy
and immunotherapy to date are unsatis-
factory. Since no prospective randomi-
sed study comparing the effectiveness
of various types of treatment of MUM
metastases has been conducted to
date (surgical excision, chemotherapy
applied to the arteria hepatica, transar-
terial embolisation, immunoembolisati-
on, isolated hepatic perfusion and per-
cutaneous hepatic perfusion), selection
of therapy of metastatic MUM depends
on the availability of therapeutic modali-
ties and the experiences of the individu-
al workplaces (31).

PROGNOSIS

Despite very good results of localised
treatment of MUM, in the last deca-
de there has not been any significant
change in the length of survival of
patients with this disease (36). Meta-
static dispersion is the main cause of
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death in patients with MUM. Metasta-
ses develop at various time intervals
from the determination of diagnosis in
up to 50% of patients, and depend on
the presence of a number of prognos-
tic factors. The cumulative occurrence
of metastases was within the range of
25% at an interval of 5 years from tre-
atment, and on the level of 34% at an
interval of 10 years from treatment in
the study by the Collaborative Ocular
Melanoma Study Group (COMS) (9).
Malignant uveal melanoma metastasi-
ses exclusively via a hematogenic
pathway, since the uvea does not con-
tain lymphatic vessels. The most fre-
quent locations of occurrence of me-
tastases are the liver (90%), the lungs
(24%), bones (16%), in rare cases the
skin, subcutis and CNS (8, 23). The
anatomical locality of the metastases
substantially influences the length of
the patient’s survival. Extra-hepatic
occurrence of metastases is linked to
significantly longer survival (median
19-28 months) (4). In the majority of
cases, however, metastases occur
precisely in the liver, which results in
survival of 1 year in only approxima-
tely 10-15% of patients (4). Local pro-
gression of the tumour process into
the eye socket following enucleation
or radiotherapy is very rare (16).
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The attempt to identify the cause of the
development of metastases which can-
not be influenced by local treatment of
the primary ocular tumour has been the
subject of several works. At present,
however, many experts concur in the
opinion that the origin of metastases
is conditioned by micro-metastases
present before the commencement of
local treatment. These metastases re-
main hidden for a longer period, until
they develop into a detectable form
of metastatic disease (12). In the light
of these findings, current research fo-
cuses on the development of adjuvant
systematic treatment, which could
detect or prevent the progression of
micro-metastases into an untreata-
ble macro-metastatic form of disease,
especially in patients in whom the
presence of such micro-metastases is
highly probable. The identification of
these “risk” patients requires determi-
nation of reliable prognostic factors.

PROGNOSTIC FACTORS

Clinical prognostic factors

During the course of the last decades,
several authors have referred to the
fact that MUMs of larger dimensions
have a higher probability of develo-
ping metastases than small MUMs.
Tumours of the corpus ciliare and
choroid are differentiated on the basis
of the regulations of the 7th edition of
the TNM classification of the American
Joint Committee on Cancer (AJCC)
from 2010 (10). The stage of the indi-
vidual categories of T, N and M is de-
termined on the basis of clinical sym-
ptoms with applicable supplementing
by further examinations (table 1).

In addition to size, the prognosis is also
influenced by the shape of the tumour
(fig. 1). Diffuse forms of growth of MUM
are considered to be more aggre-
ssive, and in the case of MM of the iris
and corpus ciliare, ring growth of the
tumour is also considered aggressive.
The anatomical locality of MUM also
links to the prognosis of the disease.
Malignant melanoma of the iris has a
better prognosis in comparison with
MM of the corpus ciliare and MM of
the choroid (17). One of the causes is
probably the smaller size at the time
of diagnosis. However, it seems that
MM of the iris also has lower metasta-
tic potential. In their sample of 1043
patients, Geisse and Robertson (21)
described the occurrence of metasta-
ses at the level of 3-5% over a 10-year
observation period. In the interpretati-
on of these results, however, it is nece-

ssary to exercise caution, since MM of
the iris is a rare disease, and in several
studies the patients have dropped out
of the observation (21). The Danish
authors recorded death caused by me-
tastases in 10% of patients in a sam-
ple of 81 patients, without losing any
of the observed patients (26). Several
authors have recorded longer survival
of patients with nodular MM of the iris
in comparison with patients with diffuse
MM penetrating into the stroma of the
iris (33).

types of MUM (pivotal and epetheloid),
and is currently the basis of accep-
ted cytological classification of MUM
according to the WHO (7). The epithe-
loid cell type of MUM is distinguished
by its more aggressive character and
increased risk of development of me-
tastases. Other adverse prognostic
factors include extrascleral spread of
the tumour and infiltration of the emi-
ssaries of the sclera.

Folberg et al. (13) recorded the sig-
nificance of the type of vascularis-

Table 1. TNM classification of MUM of ciliary muscle and choroid (part “T”)
according to AJCC. According to Edge et al. 2010

Thickness of tumour (mm)
>15.0 4 4 4 4 4 4 4
12.1-15.0 8 8 8 3 3 4 4
9.1-12.0 8 3 3 3 3 3 4
3 & 4
3.1-6.0 1 1 1 3 4
<3.0 1 1 1 4
<3.0 3.1-6.0 | 6.1-9.0 12.1-150 | 151180 8.
Largest diameter of base of tumour (mm)

Fig. 1. Malignant melanoma of corpus ciliare in stage T3NOMO with subluxation
of lens and overgrowth into anterior ocular chamber

Further clinical prognostic factors may
include infiltration of emissaries of the
sclera, extrascleral spread, edge of the
tumour projecting in front of the equa-
tor of the eyeball, more advanced age
of patient, male sex and neovascular
glaucoma.

Histopathological and cytomor-
phological prognostic factors

Cytological and histophatholocial clas-
sification of MUM, reflecting prognosis,
was originally proposed by Callender
et al. (6). This classification differen-
tiates between two fundamental cell
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ation of the tumour as a prognostic
factor of MUM. A new formation of
capillaries is partially a response to
a tumour on the part of the host, and
on the other hand also an inevitable
step in the process of the haematolo-
gical spread of metastases. By using
colouring of histological cross-secti-
ons by the PAS (periodic acid-Schiff)
method, they compiled a classifica-
tion with 9 types of vascularisation,
which was later simplified by McLe-
an et al. (28) into three categories,
according to the presence of circu-
its, in which circuits may be present,
absent or inconclusively present. A

39



Fig. 2. Inmunohistochemical examination of expression Ki-67 and p53. Exa-
mination of expression Ki-67 documents proliferative activity of MUM. In the
histological preparation less than 10% of nuclei are positive, which means a
favourable prognosis. In the case of p53 the colouring of the nuclei in 85%
represents increased expression of p53 and testifies to a less favourable pro-
gnosis. Enlarged 400x.

positive finding of capillary circuits
or capillary networks anywhere wi-
thin the tissue cross-section repre-
sents an unfavourable prognostic
factor. In 1999, Maniotis et al. (27)
described a new process of forma-
tion of a capillary bed in the case of
human melanoma, both in vitro and
in vivo. They named this process
“vasculogenic mimicry”, and at pre-
sent this is considered one of the
markers of aggressive behaviour of
primary and metastatic melanomas.
“Vasculogenic mimicry” represents a
microcirculatory bed remaining from
the extracellular matrix, delimited by
cancer cells without the presence of
endothelial cells.

Proliferation of cancer cells of
malignant uveal melanoma
Several studies have confirmed that
the determination of the number of cell
mitoses, indication of DNA synthesis
(determination of fraction of S-phase
DNA) through the help of flow cytome-
try and change of organisational areas
of the nucleus have a significant relati-
onship to the prognosis of MUM.
Immunohistochemistry is a more
precise method of evaluating proli-
ferative activity in comparison with
the determination of fraction of S-
-phase. Proliferation markers inclu-
de Ki-67 and PCNA, which in the
case of MUM are linked to death
as a result of metastases (32). The
nuclear antigen Ki-67 is exprima-
ted during the active phases of the
cellular cycle and is not detectable
during the calm cell phase (fig. 2).
Factors linked to positivity of Ki-67
include expression of p53, large di-
mensions of tumour, epitheloid cell
type, certain types of vascularisati-
on and shorter survival (2).
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Cell surface receptors

Cell surface receptors, which mediate
intercellular connections, as well as
the connection of the cell and the mat-
rix, play an important role in the meta-
static process. Beutel et al. (5) exami-
ned immunohistochemical detection
of the expression of the Melanoma
Cell Adhesion Molecule (MCAM), and
pointed to its importance as a poten-
tial marker of metastasising MUM.
The blockade or inhibition of this mo-
lecule can be applied in future in the
treatment or prevention of the occu-
rrence of MUM metastases. A similar
linkage to adverse prognosis was also
described by the authors Anastassiou
et al. (3) in the case of the Intercellular
Cell Adhesion Molecule-1 (ICAM-1).

Immunological prognostic factors
The theory of immunological control,
according to which cancer cells exprima-
te new antigens distinguished and elimi-
nated by the immune system, was pre-
sented 30 years ago. Unique anatomical,
physiological and immunoregulatory me-
chanisms of the eye however prevent the
induction and expression of the immune
response due to the phenomenon known
as “immunity privilege”. The presence of
a tumour of the infiltrating lymphocytes
(TIL) and a tumour of the infiltrating ma-
crophages (TIM), in contrast with MM
of the skin, is linked to a less favourable
prognosis and points to the fact that the
immune response need not necessarily
eliminate the tumour, but may conversely
support its development (41).

Genetic abnormalities

Advances in the field of genetic re-
search have enabled the discovery of
new prognostic factors on the level of
chromosomes, genes, proteins or sig-
nal pathways.

Chromosome abnormalities

One of the first and at the same time
most important chromosome abnor-
malities determined in MUM is mono-
somy 3, loss of one of two copies of
the 3rd chromosome. Monosomy 3 is
linked to the development of metasta-
ses and is found in approximately 50%
of cases of MUM (34). The presence
of this defect reduces five-year survi-
val by approximately 50% and is linked
to further prognostically unfavourable
factors: epitheloid cell type, presence
of extravascular matrix, larger diame-
ter of tumour, occurrence in the area
of the corpus ciliare (34). By contrast,
the presence of disomy of the 3rd
chromosome is linked to a favourable
prognosis. However, for the meantime
it has not been clarified as to whether
monosomy 3 contributes causally to
the progression of the melanoma by
the division of a specific gene or ge-
nes, or whether it is simply a marker
of genome instability, which accompa-
nies the progression of the tumour. At
present, after determination of the pro-
files of gene expression, monosomy
of chromosome 3 ranks amongst the
most reliable predictors of the inciden-
ce of metastases.

Excess copies of the chromosome
6p have been found in approximate-
ly one quarter of MUMs. In contrast
with monosomy 3, the presence of
the isochromosome 6p is linked to a
more favourable prognosis, and these
abnormalities very rarely occur con-
currently. Within the framework of ab-
normalities of chromosome 6, some
authors have also described a loss of
the copy of chromosome 6q, which on
the contrary is linked to a metastasi-
sing tumour. However, this connection
is less significant in the case of chan-
ges of chromosomes 3 and 8 (22).
The presence of abnormalities of chro-
mosome 8 has been determined in
more than 40% of MUMs (29). The
prognostic significance is similar as in
the case of monosomy 3 and is linked
to a higher risk of the occurrence of
metastases, larger dimensions of the
tumour and more aggressive histologi-
cal type (38).

Of other, less frequent chromosome
abnormalities of MUM, changes of
chromosomes 1, 9, 13 and 21 have
been described (1).

In future, genetic examination shall
probably also influence therapy of pri-
mary MUM. If the hypotheses about
the non-metastatic character of MUM
with disomy of chromosome 3 are
confirmed, it would be unnecessary to
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treat asymptomatic tumours with pre-
servation of visual functions. However,
patients with a high risk of metastasi-
sing MUM would also not need to con-
sent to enucleation and the sacrifice of
still useful vision in a situation in which
there was vain hope of improvement of
their chances of survival (15).

Alteration of genes, proteins and
signal pathways in connection with
malignant cellular transformation
The above described alterations of
chromosomes point to the fact that the
progression of MUM is linked to spe-
cific disorders on the molecular level.
In the literature, amplification of the on-
cogene c-Myc, increased expression
of the proto-oncogene HDM2 (human
homologue of murine double minute
2) and changes in the signal pathways
Rb, Bcl-2, TGF-B and MAPK are linked
to a higher risk of incidence of metasta-
ses.

One of the damaged molecules in
MUM appears to be the protein p53,
the main role of which is protection
against cancerous transformation of
the cell. In more than one half of hu-
man tumours, mutation of coding gene
p53 has been determined (fig. 2). To
date, references have been made to
the connection of p53 to extraocular
spread of the tumour and invasion
into the capillaries, increased prolife-
rative activity and epitheloid cellular
type (24). Increased expression of p53
has been determined in cases of MUM

treated by radiotherapy as a respon-
se to radiation damage to cells (25).
However, in their work Erol et al. (11)
described increased expression of p53
only in the case of 2 of a total number
of 15 tumours, and similar results were
published by TokoSova et al. (39), whe-
re there was increased expression in
only 4 out of 28 tumours. For this re-
ason, neither the position of p53 as a
prognostic factor and its role in influ-
encing radiosensitivity of MUM have
been unequivocally defined as yet.

Profiles of gene expression

Although the alteration of chro-
mosomes 3, 6 and 8q are linked to
death caused by metastases, the cli-
nical utilisation of these observations
has not yet been precisely stipulated.
In addition, we still do not know the an-
swer to the question as to whether the
aforementioned chromosome changes
are linked to a deregulation of specific
genes, or if they are merely markers
of the progression of the tumour. In
an endeavour to reveal the biological
basis of the incidence of metastases,
Onken et al. (29) divided primary MUM
into two groups on the basis of profiles
of gene expression. Malignant uveal
melanomas belonging to the first group
of tumours metastasise very rarely,
whilst MUM belonging to the second
group demonstrate frequent incidence
of metastases (29, 40, 42). Within the
framework of the second group, there
is a very frequent finding of monosomy

of the third chromosome. Although mo-
nosomy 3 is not such a precise predic-
tor of metastases as the profile of gene
expression, the relationship of the se-
cond group and monosomy 3 indicates
that monosomy 3 may be responsi-
ble for the global change of the gene
expression of the second group of
tumours (30, 40, 42). The subject of a
prospective study being conducted by
COMS at present is the comparison of
the predictive values of both prognostic
factors, namely abnormalities of chro-
mosome 3 and profiles of the gene ex-
pression of MUM. In the future COMS
is planning a multicentric clinical study
focusing on systematic adjuvant tre-
atment of high risk patients (belonging
to the second group according to the
profile of gene expression). The relati-
onship between the individual profiles
of gene expression and the incidence
of metastases continues to remain the
subject of intensive scientific research.

CONCLUSION

Malignant uveal melanoma represents
a serious, hitherto still insufficiently re-
searched problem of ophthalmology.
More precise determination of progno-
sis or detection of new potential goals
of treatment would represent a great
benefit in the management of patients
with this disease.

Supported by grant of Comenius
University no. UK/204/2011.
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